Development of melatonin synthesis in chicken retina: regulation of serotonin N-acetyltransferase activity by light, circadian oscillators, and cyclic AMP.
In chicken retinas, melatonin levels and the activity of serotonin N-acetyltransferase (NAT), a key regulatory enzyme of melatonin biosynthesis, are expressed as circadian rhythms with peaks of levels and activity occurring at night. In the present study, NAT activity was examined in retinas of embryonic and posthatch chicks to assess the ontogenic development of regulation of the enzyme by light, circadian oscillators, and the second messenger cyclic AMP. During embryonic development, NAT activity was consistently detectable by embryonic day 6 (E6). Significant light-dark differences were first observed on E20, and increased to a maximum amplitude of sixfold by posthatch day 3 (PH3). Circadian rhythmicity of NAT activity appears to develop at or prior to hatching, as evidenced by day-night differences of activity in constant darkness observed in PH1 chicks that had been exposed to a light-dark cycle in ovo only. NAT activity is regulated by a cyclic AMP-dependent mechanism. Activity was significantly increased by incubating retinas with forskolin or dibutyryl cyclic AMP as early as E7, and seven- to ninefold increases were observed following treatment with these agents on E14. Thus, development of the cyclic AMP-dependent mechanism for increasing NAT activity significantly precedes that of rhythmicity, suggesting that the onset of rhythmicity may be related to the onset of photoreception or development of the circadian oscillator in chick retina.